METHODS
In this study, 25 patients with an anterior mediastinal lesion underwent CT perfusion imaging from January 2015 to February 2016. Diagnoses included thymoma (n=7), thymic hyperplasia (n=8), lymphoma (n=4), thymic carcinoma (n=3), and invasive lung cancer (n=3). Lymphoma, thymic carcinoma, and lung cancer were grouped as malignant tumors for statistical analysis. Values for blood flow, blood volume, and permeability surface were measured in CT perfusion.
RESULTS
Blood flow and blood volume values were higher in thymoma in comparison to thymic hyperplasia; however, the difference was not statistically significant. Blood volume values were significantly higher in thymoma (mean, 11.4 mL/100 mL; range, 5.2-20.2 mL/100 mL) compared with lymphoma (mean, 5.3 mL/100 mL; range, 2.5-7.2 mL/100 mL) (P = 0.023). Blood flow and blood volume values were significantly higher in thymoma compared with non-thymoma malignant tumors (P = 0.025).
CONCLUSION
CT perfusion is helpful in differentiating thymoma from non-thymoma malignancies including lymphoma, thymic carcinoma, and invasive lung cancer involving the anterior mediastinum.
Methods

Patient selection
Patients with an anterior mediastinal mass observed on antecedent CT, MRI, or FDG-PET were enrolled in this study. Exclusion criteria were myasthenia gravis (due to possible exaggeration of symptoms by iodinated contrast agent), renal failure, history of allergy to iodinated contrast agent, pregnancy, untreated hyperthyroidism, chemotherapy, or radiotherapy (due to possible interference with perfusion results in thymic hyperplasia and lymphoma).
Based on these criteria, 25 patients (16 women, 9 men; mean age: 47±17 years, age range: 19-74 years) were enrolled from January 2015 to February 2016. Tumor size ranged from 23 mm to 110 mm (mean diameter, 52±22 mm) on greatest axis length. Pathologic confirmation was based on surgical resection in 14 patients and percutaneous core-needle biopsy in seven patients. The diagnosis of thymic hyperplasia of remaining four patients was verified by chemical shift MRI based on the signal loss opposed-phase images suggestive of microscopic fat after CT perfusion examination.
Surgical and percutaneous biopsy specimens were reviewed and diagnosed at the pathology department of our home institution. The pathologic examination and follow-up imaging revealed diagnoses of thymoma (n=7), thymic hyperplasia (n=8), lymphoma (n=4), thymic carcinoma (n=3), and invasive lung cancer (n=3). This study was approved by the institutional review board and informed consent was obtained.
CT perfusion imaging
The CT examinations were obtained with a 128-row CT scanner (Somatom Definition AS, Siemens Healthcare). Initially, an unenhanced low-dose thorax CT was obtained. Subsequently, a 6.9 cm to 9.6 cm z-axis coverage CT perfusion scan was performed based on the lesion size. We used the following CT perfusion parameters: for patients who weighed less than 70 kg, tube current was 80 mAs and the voltage was 80 kV; for patients who weighed 70 kg or more, tube current was 100 mAs and the voltage was 100 kV. The collimation was 32×1.2 mm. The scanning time of total CT perfusion was 47 s with a gantry rotation time of 0.3 s. Patients were advised to maintain shallow breathing in the course of perfusion scanning.
A total dose of 50 mL of contrast material (Ultravist 370, Bayer Schering Pharma) was administered through an 18 G needle at a flow rate of 5 mL/s followed by a saline flush of 50 mL NaCl at 5 mL/s, after a start delay of 4 s. The contrast material was injected into an antecubital vein using a dual head pump injector (Medrad). The reconstruction of images, which had a slice thickness of 3 mm, was performed using 512×512 pixel and medium smooth B20f kernel.
CT perfusion analysis
All CT perfusion data were transferred to a workstation (Leonardo Volume Perfusion CT Body, Siemens) for image processing. CT perfusion images were evaluated in consensus by two radiologists (C.A. and S.B.) experienced in chest imaging. For CT perfusion data evaluation, noise reduction and motion correction of the datasets were performed automatically. The window width and center for the reference vessel input were 400 HU and 40 HU, respectively.
The software generated three-dimensional color-coded maps for BF, BV, and PS. BF (mL/100 mL/min) is defined as the amount of blood flowing through 100 mL of tumor tissue within 1 min. BV (mL/100 mL) is defined as the amount of blood within 100 mL of tumor tissue. PS (mL/100 mL/min) is an area product, which measures contrast medium extravasation into the extravascular space, in milliliters per 100 mg per minute. Arterial input information was obtained by manually placing a region of interest inside the thoracic aorta (range, 14-28 mm 2 ). A volume of interest was drawn manually around the whole tumor in the mediastinum window. Care was taken to exclude adjacent vascular structures, bones, and lungs. The mean values of the perfusion parameters were recorded for statistical analyses.
Statistical analysis
Descriptive statistics were presented as median, minimum, and maximum. Mann Whitney U-test was used to compare BF, BV, and PS values between thymoma, thymic hyperplasia, lymphoma, and all malignant tumors (including lymphoma, thymic carcinoma, and invasive lung cancer). For statistical significance, the alpha level was set at 0.05. Statistical analyses were performed with SPSS v. 21 (IBM Corp.).
Results
Diagnoses of the 25 patients included thymoma (n=7), thymic hyperplasia (n=8), lymphoma (n=4), thymic carcinoma (n=3), and invasive lung cancer (n=3). Lymphoma, thymic carcinoma, and invasive lung cancers were grouped as malignant tumors for statistical analyses (Table) . The BF, BV, and PS values for all anterior mediastinal lesions are given in the Table. Representative cases for thymoma, lymphoma, and invasive lung cancers are presented in Figs. 1-3 , respectively.
Though BF and BV values were higher in thymoma in comparison to thymic hyperplasia, the difference was not statistically significant (Table) . BF, BV, and PS values were higher in thymoma compared with lymphoma; however, only the difference between BV values reached statistical significance (Table) .
Comparison of perfusion values of thymomas with those of malignant tumors (lymphoma, thymic carcinoma, and invasive lung cancer) revealed significantly higher BF and BV values in thymoma (Table) .
Discussion
In the recent literature, there is no study concerning the differences in perfusion characteristics of anterior mediastinum lesions. Our study revealed that CT perfusion values (BF and BV) of thymomas were significantly different from malignant tumors of anterior mediastinum including lymphoma, thymic carcinoma, and invasive lung cancer. In contrast, we did not find any significant difference between CT perfusion values of thymoma and thymic hyperplasia.
The numerous different pathologic lesions in the anterior mediastinum may mimic thymic pathologies leading to diagnostic challenges and invasive therapeutic procedures including thymectomy (5, 13) . Thus, differential diagnosis of benign thymic epithelial tumors from other malignant anterior medi- • Perfusion CT values were significantly higher in thymomas compared with lymphoma and other malignant tumors of anterior mediastinum.
• Blood flow and blood volume values were higher in thymomas compared with thymic hyperplasia; however, the difference was not statistically significant.
• Perfusion CT can differentiate between thymomas and non-thymoma malignant tumors, reducing the rates of non-therapeutic thymectomies.
astinal tumors has a clinical impact in patient management. In a study comprising 127 patients with anterior mediastinal lesions, the correct diagnosis was achieved in only 61% of patients by CT and in %56 by MRI (14) .
CT perfusion is an alternative functional imaging modality that is gaining wider usage, particularly in oncology. CT perfusion allows rapid and quantitative assessment of tissue hemodynamics, thereby providing valuable information in tumor staging and response to therapy evaluation (12) . CT perfusion reflects tissue vascularization and angiogenesis and can theoretically discriminate neoplastic tissue from non-neoplastic tissue. The results of the current study show that CT perfusion can help to differentiate between thymoma and malignant lesions of the anterior mediastinum including lymphoma, thymic carcinoma, and invasive lung cancer.
Thymoma is the most common anterior mediastinal mass in adults. On CT, thymomas are homogenous soft-tissue masses with sharp borders and a lobulated, round, or oval shape (13) . Although, bipyramidal shape and presence of intercalated fat were pathognomonic for thymic hyperplasia, not all of them exhibit these features on CT. Ackman et al. (4) showed that intercalated fat was not observed on CT in half of the thymic hyperplasia cases. Therefore, chemical shift MRI may provide diagnostic clues to differentiate between thymic hyperplasia and thymoma, based on the signal loss on opposed-phase images in thymic hyperplasia suggestive of microscopic fat (13) . Epithelial thymic neoplasms do not demonstrate microscopic fat by histopathology and do not demonstrate a decrease in signal on opposed-phase images (13) . In our study, BF, BV, and PS values were lower in thymic hyperplasia compared with thymoma; however, the difference failed to reach a statistically significant level.
Lymphoma in anterior mediastinum is often seen in the setting of disseminated disease, most commonly in Hodgkin's disease (13) . In lymphoma, CT may show irregular contours, surface lobulation without vascular invasion with associated mediastinal lymphadenopathy and pleural effusion (2, 13) . In general, differentiation of lymphoma from other thymic lesions, particularly thymoma, is difficult on the basis of imaging findings alone, and diagnosis may require invasive procedures (15) . In our study, BV was significantly lower in lymphoma compared with thymoma, enabling diagnosis by CT perfusion. Also, BF and BV values were significantly higher in thymoma compared with malignant lesions including lymphoma, thymic carcinoma, and invasive lung cancer. We suggested that the low CT perfusion values of non-thymoma tumors in the present study might be related to presence of necrosis in non-thymoma tumors. It has been shown that predominance of a necrotic or cystic component and heterogeneous enhancement were much more common in thymic cancer compared with thymoma (16) . In support of this, in a study by Sakai et al. (9) using dynamic MRI for anterior mediastinal lesions, the mean peak of the time intensity curve was significantly shorter for thymoma than for non-thymoma malignant tumors. In a study comparing thymoma with non-thymoma malignant tumors, Sakai et al. (9) found early contrast peak on dynamic MRI; similarly, higher CT perfusion values (BF and BV) were observed in our study. Both studies indicate that dynamic MRI and CT perfusion may be useful in the differentiation of thymoma from non-thymoma malignant tumors. There were several major limitations to our study. First, the sample size was small, and it was determined without a power analysis due to the relatively rare incidences. In particular, we were not able to evaluate the CT perfusion values among different grade thymomas. CT perfusion values for the thymoma group had a relatively high standard deviation that might be related to grouping different stages of thymoma under a single group. In future, studies with larger sample sizes should be performed to clarify the efficacy of CT perfusion for diagnosing anterior mediastinal tumors. In addition, malignant lesions did not include germ cell tumor and thyroid lesions. Second, since we excluded patients with myasthenia gravis, our thymoma group is representative of a subgroup of patients with thymoma. Third, we did not obtain pathologic proof of the diagnosis in four thymic hyperplasia patients but performed follow-up chemical shift MRI for confirmation. Although chemical shift MRI is helpful in differential diagnosis, in some cases thymic hyperplasia may not be suppressed (17) . In addition, potential pitfalls of CT perfusion should be kept in mind, such as the use of ionizing radiation, examination of a restricted slab of tissue, and interference in measurements from nearby vascular and bony structures.
In conclusion, CT perfusion imaging offers valuable information in differentiating thymoma from lymphoma, thymic carcinoma, and invasive lung cancer in the anterior mediastinum. Further studies with larger patient sample sizes are needed to evaluate the role of CT perfusion in differentiating among anterior mediastinal lesions. 
